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Introduccion

En los ultimos anos se han desarrollado numerosos proyectos par
reducir el consumo energético en los edificios, tanto desde el punto de
vista de la eficiencia energética como de la integracion con las
energias renovables.

Sin embargo, el problema especifico de la integracion de este tipo de
sistemas energéticos en las instalaciones, es que la fiabilidad del
suministro eléctrico ha de ser considerada como un aspecto
fundamental. « \f
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Introduccion

Existen diferentes tipos de edificios donde un corte de energia puede
significar unas perdidas no solo economicas, sino tambien en temas de
salud y de seguridad.

= Por razones sanitaritas en hospitales
= Centros tecnologicos por consideraciones cientificas.
= Condiciones de defensa en instalaciones militares.

= Seguridad y vigilancia en aeropuertos y estaciones.




interreg E
Sudoe

L A

“nIMPROVEMENT

Introduccion
BENEFICIARIO Centro Nacional de Experimentacion de Tecnologias de
PRINCIPAL: Hidrégeno y Pilas de Combustible
OTROS 2. Universidad de Castilla La Mancha

BENEFICIARIOS: 3. Ecole Nationale Supérieure de Mécanique et
Aérotechnique (ENSMA) Laboratoire d'Informatique et
d'Automatique pour les Systémes (LIAS)

4. Instituto Superior Tecnico

5. Laboratorio Nacional de Energia e Geologia, IP

6. Junta de Andalucia Consejeria de Empleo, Empresay
Comercio Direccion General de Industria, Energia y Minas
7. Universidad de Cérdoba

8. Agencia Andaluza de la Energia

Beneficiarios Asociados

. . . . " .. Nombre del beneficiario asociado
9. Université de Perpignan Via Domitia PROMES : Procédés i _
.. A i N° | Nombre de la entidad Pais

Matériaux et Energie Solaire UPR CNRS 8521 (INSIS) _ _
1 Green Power Technologies, S.L Espaiia
2 NEC RENOVABLES SL Espafia
3 Area de Gestion Sanitaria Este de Malaga Espaiia
4 Irradia Ingenieria Solar Espaiia
5 Agence Regionale Energie Climat Occitanie France
6 Agéncia Regional de Energia e Ambiente do Algarve Portugal
7 Associagéo Plataforma Construgdo Sustentavel Portugal
8 Intermunicipal Community of Algarve Portugal
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Introduccion
Fotografia del consorcio durante

La Kick of meeting en Cordoba
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Objetivos

El objetivo principal del proyecto

IMPROVEMENT

La reconversion de edificios publicos en
edificios de energia cero mediante la
integracion de microrredes de energia
renovable con generacion combinada de
calor, frio y electricidad con inversores con
control activo del neutro que utilizan sistemas
hibridos de almacenamiento de energia
(Hidrégeno, baterias, supercondensadores)
que garantizaran la calidad energética y la
continuidad de servicio a equipos sensibles a
perturbaciones de calidad de suministro
(equipamiento de alta tecnologia) mientras
que aumenta la eficiencia energética en este
tipo de edificios.
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Objetivos

Objetivos Especificos

« Desarrollo de un sistema para mejorar la eficiencia energética en
edificios publicos a través de un sistema de generacion de calefaccion
y refrigeracion solar y la incorporacion de técnicas activas / pasivas
para edificios con consumo de energia cero.

« Desarrollo de un sistema de control de potencia resistente a fallos
para microrredes bajo criterios de diseno de alta calidad y continuidad
de suministro

 Desarrollo de un sistema de gestion de energia para microrredes de
generacion renovable con sistema hibrido de almacenamiento de
energia bajo criterios de degradacion minima, maxima eficiencia y
prioridad en el uso de energias renovables.
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Objetivos
Estructura de paquetes de tra

TWP1 — Project Management TWP3 - Project Monitoring

GTT2 - Project Communication

SN WP2 - Power Control System for microgrids with high power
quality and continuity of supply requirements

WPS5 -
WP1 -
Integration,
System =
Definition, validation
Business and
Model and demonstration

Implantation

Plan of the system

WP4- Energy Management System for Renewable
Energy Microgrids with Hybrid Energy Storage System
under minimum degradation and maximum renewable
energy use criteria
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La microrred como solucion

CENTRALIZED

Resiliencia ante fallos en la red GENERATION

* Flexibilidad

« Optimizacion econdmica del precio de
la energia SO

Microgrids

 Solucion a los problemas de congestion
Aggregator

* Calidad de suministro
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La microrred como solucion

0O0LOE® ©O
Making Microgrids work

It is well known that microgrids
can provide a solution for:

* Unexpected power loss

« Balancing spikes in energy demand

« Optimizing energy usage and reliability

* Reducing operating costs and carbon emissions

However, without a “one size fits all solution,”
how do you properly design and size a microgrid?

A “feasibility study” will answer whether or not a microgrid makes sense, and
what configurations and components are needed to meet your specific needs.

1. mitial screening

8. System studies + Functionality requirements

* Short-term improvements + Loads and generation capacity

« Site-specific studies  Existing energy infrastructure

+ Power quality + Security. legal and commercial aspects

« Cybersecurity
* Environmental impact

2. Technical requirements
+ Identiy critical assets

Anatomy + Evaluate load sizes and profiles
y % ofa & * Design supply and storage systems
microgrid
o et feasibility e mlrgid cmminty sl
and control strategios d + Minimizing levelized cost of

electriity (LCOE)
* Maximizing returm on
imvestment (ROI}

* Provide detailed cost estimates

+ Selected based on J
project goals.

« Evaluate existing and
tuture sources

4. Documentation

* Utility requirements * Metering contracts
* Interconnection application * Permits.

* SCADA communications  * Incentives

5: Energy storage

* Determine use case and

+ Select appropriate storage
technology

The virtual microgrid advantage
How can you be sure the microgrid will perform as

Benefits of microgrid simulation
* More precise planning and * Enable pre-engineering and system
intended before you cut the ribbon on the project? management of the microgrid system configuration and optimization to
* The last compelling aspect of a feasibility study is the * Understand the system as if the save time
ability to see how the system functions before ground assets and devices were already * Complete projects more quickly and
is broken on the project. connected successtully, with confidence they
« This virtual microgrid provides insights on the feasibility, + Develop the system's load profile are optimized out of the gate
design and application in a simulated environment. and utility rate structures

1. The EMS calculates the minimum level of
stored energy to guarantee power supply to critical loads
in case of a grid outage.

2. Flexibility. The system has the functionality of re-
schedule Its participation in the day-ahead market
according to the flexibility Services required by the
System Operator.

3. Maximizing the lifetime of Hybrid ESS: The system
optimizes the different ESS minimizing the degradation
issues and operational cost of each ESS.

4. Energy Communities: The EMS incorporates
functionalities for the energy exchange in energy
communities.

5. Uncertainties Management: The EMS is designed using
stochastic MPC techniques to integrate the uncertainties in
the energy forecast.
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La microrred como solucion

» Import/Expont Energy
* Energy Management in islanded mode 5

Discharge Time at Rated Power

* Peak shaving §
« Load leveling

of intormitient renewables

o0 3
ower Ratings (kW)

; -

Uncertainties

Energy Density (Whikg)

Uncertainties

Uncertainties

Different Time Response for the different ESS

08

Power (p.u)
o
>

e
s

0.2

—itracapacitor
e Battery
e Fuel Celf

time(s)

Uncertainties

| Energy Storage System |
Ultracapacitors
Batteries
Lifetime: Cycles

Degradation Issues |

Overcharge, Undercharge

Overcharge, Undercharge

High stress current ratio
AC Current Ripple

Uncertainties

Electrolyzer Fluctuations of current
Lifetime: Hours Start/Stop Cycles
Fuel Cell Fluctuations of current

Lifetime: Hours

Star/Stop Cycles
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Power Management System

La inclusion de sensores loT en la infraestructura para medicion

avanzada de la calidad eléctrica
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Power Management System

& FI-WARE B

=
=
=
=
=

TensorFlow

El desarrollo de un inversor de cuatro
hilos con control activo del neutro
para mejorar la calidad de suministro

del sistema completo

VDC+C

O a

—Ob

UCO server

EHLatVEW || " .o
4\ MATLAB

Data Analysis \

Microgrid n \
Deman a \
Econor chin \

@PENVPN"

UCO gateway

&

VPN tunnel

Internet

CNH2 SCADA

Island detection
Power Flow Control
Power Quality Control
Secondary Synchronization Control

Pri

Local Supervision
Power Sharing Control

imary

——
~ Ultracapacitors

Voltage and Current Control

Symbols and Abbreviations

DR

Neutral Point Connection ——>  Power injection
Three-Phase AC Power Line ——>  Power consumption
mart E PQloT sensor

2
Ethernet/Modbus
o TCPP

abc NPC
o
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Energy Management System

Portuguese pilot

solar collectors
hot water tank
(HWT)
thermal energy
storage (TES)
heat pump

fan coil units
(FCU)

4 rooms

Control strategies

energy

Objectives
* manage thermal

* satisfy thermal
comfort constraints

Rule-based control

Solar
radiation

Solar
collectors

1

c,in

PID control

g

C Thw.our @%

Ieat
pump

* reference strategy: PID+rule-
based control

* advanced strategy: model

predictive control (MPC)+PID

A ¢

Thp.f'n

T.r.,m.-.c

HWT

F,  PID control

Ts,m.-.c

Tt,r'n

Thw.m

Reference strategy: PID+rule-
based control
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Energy Management System
FCU control: PID — MPC+PID

PID: enciende la FCU de 6AM a 6PM (todas las habitaciones)

MPC: enciende la FCU de 7:30 a 14:00 (sala 4)

FCU se usa menos y el consumo de energia se reduce con MPC+PID

(todas las habitaciones) e

Las restricciones de
comodidad se
satisfacen con ambos
métodos de control.
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'

Rooms in the building

Tsina: temperature of the room 4 (°C)

F,,: volumetric flowrate of the air leaving the FCU (m3/s)
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Air temperature regulation in room 4 (PID)
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Air temperature regulation in room 4 (MPC+PID)
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Energy Management System —— ... 2.7

Una de las técnicas utilizadas en el
segundo algoritmo desarrollado es
el Resilience-Oriented Schedule of
Microgrids
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Two levels of resilience are established:

CaAem ey wieseaess oeessesn| 1) Survivability: Supply of the greatest

number of loads during a certain time
2 hours from the event of loss of the
main grid.

Criticality: Supply of critical loads
during a horizon of 24 hours from the
event loss of main network. This is
done considering the loss of the main
network at each optimization instant.
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Planta Piloto de LNEG

El principal objetivo es alcanzar y poder ofrecer una situacion de
confort térmico en sus instalaciones.

Numerical Study
1 i
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LNEG - Piloto: Electrical EMS

PV array

Smart Energy Meter
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LNEG - Piloto: Control System

Supervisory Control Systems

|
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Intranet LNEG main BUS
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CNH2 - Piloto: Thermal EMS

system P

PCM: 35-40°C

COLD STORAGE SYSTEM

AIRANATER HEAT PUMP
o Sonogy rater Q@ Tomporoturs transmbier
CLECTROLYZER £ Glmdes e Ui ht Siniin Sorriecon. @ Prossure branamitier
e T T UL P
Ote 10V BS. BiDand Bupuwnnavc » frequency OE Three-way valve
converier with (=10 V signal.
CASE AND TUBES EX 4 INCRYIA TANK (3 000 kters)
w0 - ﬂ -
w. 2ASE AND TUBES EX
Yo o s fUPULEION COLLTCTOR)
CASE AND TUBES EX2 ‘V'R;
o %"3
= i @
FETURN COLLERTOP)
Fes '
D) |
Cooling:
1 TN = 1500, TPut-=250¢
Geothermal Tin = 14°C, Tout = 90C
Heat storage BE system Heating:

| Tin = 11,7°C, TP" = 5°C

AERMEC Tin = 359, T9% = 40°C
—

WRL161XH TUPQ"

SESTHERMAL HEATPUMP  |VES
out=="INL )

INERTIA TAMK (4.500 Rers)

GEOTHERMICAL COLLECTION FIELD.
& PROBE OF 100 SIMPLE 40PE100
PRORF METERS

Cold storage "
system PCM: 10-142C

Fuente: Proyecto INAPROVEMENT
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CNH2 - Piloto: Thermal EMS

Parte exterior de la instalacion geotérmica
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CNH2 - Piloto: Thermal EMS

Parte interior de la instalacion geotérmica
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CNH2 - Piloto: Thermal EMS

Sistema de almacenamiento de energia en forma de frio
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CNH2 - Piloto: Thermal EMS

Sistema de almacenamiento
de energia en forma de calor

Donde tenemos un circuito de
agua para recuperar el calor
de la Pila de Combustible y
el Electrolizador y utilizarlo
para almacenar calor para
reducir el consumo eléctrico
del edificio
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CNH2 - Piloto: Electrical EMS o 1

Red B.T.

Sistema de almacenamiento hibrido: .«
Kt .i"
 Baterias r ,,
|

» Supercondensadores

« Almacenamiento en Hidrdgeno 1

Iﬂ;tr{f) I Pelz(1) T Pe(1) I.Pba.r(l} I.Pnc(l)

==
L, | ] i
[} o
WIND ELECTROLYZER HYDROGEN FUEL  BATTERIES ULTRACAPACITOR
TANK CELL ESS ESS

10 100 power Density (Wikg) 1990 10,000 TURBINE SOLAR

Source US Defence Logistics Agency BANNFEIS /
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Ethernet/Modbus TCP-IP

CNH2 - Piloto: Control System

El sistema de control se realiza
mediante un sistema de supervision
SCADA desarrollado en Labview.
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Hidrégeno

iMuchas gracias!

www.im provement—sudoe.eu

Javier Tobajas Blanco Applications Unit
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